INTRODUCTION
Detailed geologic observations were made during a 6-wk period in January and February 1973 , in the Cumberland Bay-Stromness Bay area of the island of South Georgia, and limited data were collected at Bird Island and Bay of Isles (Figs. 1, 2) . In Tierra del Fuego a comparable time was spent by Winn and Bruhn on the north side of the Beagle Channel, later in 1973, and Dott, Winn, and Bruhn spent six weeks south of the channel in May and June 1974. The field work formed part of a United States Antarctic Research Program project to study the tectonic evolution of the Andean-West Antarctic Cordillera and the Scotia Arc.
GENERAL GEOLOGY
South Georgia Island, although more than 1,500 km distant from the South American continent (Fig. 1) , consists of the (Ewing and others, 1971) . There is a prominent and exceptionally penetrative slaty cleavage in all sedimentary rocks, except in the southwesternmost part of the island (Trendall, 1959) .
The sedimentary rocks at the southeastern end of the island are metamorphosed and intruded by dioritic igneous rocks (Fig. 2) . The South Georgia sedimentary rocks closely resemble upper Mesozoic strata on the Pacific side of the Andean high Cordillera in southernmost Argentina and Chile and are of similar age (Wilckens, 1933; Katz and Watters, 1966) . There too, flyschlike sequences, particularly the Lower Cretaceous Yahgan Formation of the Beagle Channel area ( Fig. 1) , were deposited near a volcanic arc terrane and then severely deformed during the middle Cretaceous Andean orogeny. As on South Georgia Island (Fig. 3) , the dominant vergence (direction of overturning) of the folds was away from the present Scotia Sea and Drake passage (Dalziel, 1972) . South Georgia and the neighboring Black and Shag
Rocks platform are an eastward continuation of part of the Andean orogen and appear to represent a part of the North Scotia Ridge -a microcontinent now missing south of the Burdwood Bank (Dalziel and Elliot, 1971, 1973; see Fig. 1) . The Sandebugten and the Cumberland Bay sequences of flyschlike strata might better be thought of as members of one formation (Trendall, 1959) . Their field distinction is one of diametrically opposed fold vergence, with the Sandebugten sequence verging southwest and the Cumberland Bay rocks verging northeast away from the Scotia Sea like the Yahgan Formation in South America (Katz and Watters, 1966; Dalziel, 1972; see Fig. 3) . The Sandebugten graywacke is richer in andesitic detritus. Altered ash layers and a few flow rocks also occur in the Cumberland Bay sequence (Trendall, 1953 (Trendall, , 1959 . The Cumberland Bay rocks of Annenkov Island off the southwest coast (Fig. 2) have yielded wellpreserved Lower Cretaceous (Aptian) fossils (Wilckens, 1947) , but the Sandebugten rocks have yielded only trace fossils. The lithology of the latter and its structural position beneath the Cumberland Bay (Fig. 3) led to the tentative correlation with the quartz-rich, probably late Paleozoic Trinity Peninsula "Series" of the Antarctic Peninsula (Tyrrell, 1945; Adie, 1964) . The relation between the Sandebugten and the Cumberland Bay sequences has been interpreted as "probably unconformable" but with "sub-parallel thrusting in the contact zone" (Adie, 1964, p. 122 ; see also Skidmore, 1972) .
Correlation of the Sandebugten rocks with the Trinity Peninsula "Series" implied correlation also with the lithologically identical Miers Bluff Formation of the South Shetland Islands, the Graywacke-Shale Formation of the South Orkney Islands, and the (fossiliferous) upper Paleozoic Madre de Dios rocks at about lat 50° S. on the west coast of Chile (Dalziel, 1969 (Dalziel, , 1970 (Dalziel, , 1971 (Dalziel, , 1972 and has important consequences for reconstruction of Gondwanaland (Dalziel and Elliot, 1971, 1973) .
STRUCTURAL GEOLOGY AND FIELD RELATIONS
The Cumberland Bay and Sandebugten sequences on the northeast side of South Georgia Island are deformed by tight asymmetric folds with planar limbs and narrow hinge zones (Fig. 3) . Large-scale folds with limb separations of hundreds of meters predominate. Even thick sandstone layers are cut by strong axial-planar slaty cleavage in which clasts have been flattened (Dott, 1974, Fig. 1) . Hinge lines and axial planes trend west-northwest. As reported by Trendali (1953 Trendali ( , 1959 , the folds in the Cumberland Bay rocks verge northnortheast, while those in the Sandebugten verge dominantly south-southwest (Fig. 3) , so that the axial planes and slaty cleavages dip respectively south-southwest and north-northeast (Figs. 3, 4) . Rocks on Barff Point (Figs. 2, 4) have a north-northeast vergence and have been considered by geologists of the British Antarctic Survey to belong to the Cumberland Bay sequence (Skidmore, 1972) . Farther south from Barff Point, however, the axial planes and cleavage in rocks that are undoubtedly Sandebugten swing through the vertical so as to dip south-southwest as do the axial planes of the folds in the Cumberland Bay sequence (Fig. 3) . Therefore, we see neither structural nor lithologic reasons to correlate rocks on Barff Point with the Cumberland Bay sequence. The slaty cleavages in both sequences are deformed by anastomosing and, commonly, conjugate crenulation cleavages that also strike westnorthwest. Associated folds are rare.
A well-exposed and previously undescribed contact indicates that the Cumberland Bay rocks were thrust over Sandebugten ones at Dartmouth Point (Figs. 3, 5) . However, even without considering the petrographic evidence, it is clear that the Sandebugten rocks were not deformed before the Cumberland Bay sequence. Hence, it is unlikely that the Sandebugten sequence could be as old as late Paleozoic, as suggested by Adie (1964) and Skidmore (1972) . Regional tectonic relations suggest that, if it were, a pre-Cretaceous (Gondwanian) fabric should be present (Dalziel and Elliot, 1973) .
DALZIEL AND OTHERS
Additional reasons for our conclusion are as follows:
1. The trend of mineral and clast elongation lineation within the slaty cleavages is nearly identical in the two sequences (Fig.  4) . The trend of dominant crenulation cleavages is also identical; only the dip direction of the axial planes and slaty cleavage and the plunge direction of the lineations differ.
2. At the thrust contact, the southsouthwest-dipping slaty cleavage in the Cumberland Bay rocks becomes mylonitic in character and clearly truncates the north-northeast-dipping slaty cleavage in the Sandebugten sequence (Fig. 3, inset) . However, the cleavage in the Cumberland Bay near the contact is refolded by open asymmetric folds with the same vergence (south-southwest) as the dominant folds in the Sandebugten.
3. Apparent interstratification of some Cumberland Bay-like graywacke occurs within the Sandebugten, and nothing suggestive of a basal conglomerate was found.
4. Rocks lithically comparable to the Sandebugten are interbedded with Cumberland Bay-like sedimentary rocks in the bottom of the Lower Cretaceous Yahgan Formation of southernmost South America.
Although the age of deposition of the Sandebugten strata is not proven, it seems to us that both sequences were deformed at the same time, even though they were overfolded in different directions. The slaty cleavage in the Sandebugten rocks also becomes mylonitic near the contact, thus perhaps conjugate shear zones (overthrusts) developed before finally the northnortheast-directed thrust sheet overrode the south-southwest-directed structures (Fig. 3) .
SEDIMENTOLOGY
The Sandebugten and Cumberland Bay sequences have characteristics typical of classical European flysch. They are composed of very evenly stratified alternations of sandstone and slaty mudstone. Graded bedding occurs in most of the sandstone beds. The average ratio of sandstone to mudstone varies widely, but overall, sandstone composes about 50 to 70 percent of the total volume. Sandstone beds range in thickness from a few centimeters to nearly 2 m. Some fine-pebble conglomerate beds are present in the Cumberland Bay. Micro-cross-lamination, convolute lamination, and sole marks (chiefly groove marks) are also common. We interpret most of the sandstone beds to be turbidites, which accumulated rapidly near an active volcanic arc.
The Cumberland Bay rocks are coarser and richer in volcanic detritus than the Sandebugten rocks, but in terms of sedimentary structures and deformation, the two are nearly identical. Our preliminary petrographic analyses, however, support Tyrrell's (1945) conclusion that the two sequences differ markedly in composition. The Sandebugten sequence contains an average of 44 percent quartz, 20 percent feldspar, and 36 percent lithic fragments, mostly fine-grained siliceous volcanic rocks (Fig. 6) . The Cumberland Bay sequence contains 5 percent quartz, 20 percent feldspar, and 75 percent lithic fragments, which are predominantly andesitic in composition (Fig. 6) apart from the Cumberland Bay specimens; thus, the sequences were derived from different sources. Rare Cumberland Bay-like andesitic sandstone (Fig. 6) , as well as a bimodal paleocurrent pattern in the Sandebugten, leads us to conclude that the two units are closely similar in age and may represent partly intertonguing lithofacies. Conversely, sandstone of the Trinity Peninsula "Series" does not overlap compositionally sandstone of the Sandebugten (Fig.  6 ). As in many volcaniclastic sedimentary rocks of intermediate to mafic composition, prehnite is prevalent in the Cumberland Bay, but it is negligible in the much more siliceous Sandebugten graywacke.
Paleocurrent analysis of the South Georgia sedimentary rocks was hampered by weathered outcrops, lichen cover, and the very penetrative cleavage that obscured current features. Most troublesome was the widespread development of elusive psuedo-sole marks produced by small offsets of sandstone and mudstone contacts at bedding and cleavage intersections. Many of the resulting structures look like groove or flute marks on bedding surfaces, and careful comparison of orientation of the marks with those of local bedding and cleavage intersections is necessary to discriminate between the two. In the Stromness Bay area, where true sole marks are t The probability of a greater magnitude (r) due to chance alone (see Curray, 1956 ). The statistical F test also shows all four mean azimuths to be significant even at the 0.005 level.
well exposed, the average trend of grooves is at an angle of 40° or 50° to the average bedding and cleavage intersection. Socalled flame structures were not used because they are predominantly gravity-load, rather than current, features. Moreover, most of the structures on South Georgia Island are the result of bedding and cleavage intersections. As seen in cross section, these are a series of en echelon offsets of sandstone and mudstone contacts with flamelike streaks of dark mudstone sheared upward along cleavage planes (see Dott, 1974, Fig. 1 ).
Statistical analysis of the orientation data for sole marks and micro-cross-laminae shows clearly that dominant sediment dispersal of Cumberland Bay detritus was toward the north-northwest in the region studied by us ( Fig. 7; Table 1 ). Sandebugten dispersal was more complex, showing a southerly as well as weak northerly component (Fig. 7) . Our results reinforce quantitatively the paleocurrent inferences of Trendall (1959) for ten localities in Cumberland Bay rocks (Fig. 7, solid arrows) . The results do not, however, agree very closely with Frakes' (1966) small number of observations from two localities. Because of the strong deformation of the rocks (Dott, 1974) , only the general conclusion that the two sequences were influenced by two distinctly different current regimes seems justified. Postulation of geostrophic, tidal, or other secondary current influences does not seem warranted at this time.
SUMMARY AND DISCUSSION
Previous suggestions (Trendall, 1953 (Trendall, , 1959 Adie, 1964; Skidmore, 1972) that the Sandebugten sequence is correlative with the probable upper Paleozoic Trinity Peninsula "Series" on the Antarctic Peninsula implied that the Cumberland Bay graywacke and shale and intercalated volcanic rocks were likely deposited on continental crust. Moreover, if rocks equivalent to the Trinity Peninsula "Series" were present, then South Georgia Island had to be considered in reconstructing the early Mesozoic Gondwanide fold belt of Du Toit (1937), incorporating the Sierra de la Ventana fold belt of Argentina, the Cape fold belt of South Africa, and the fold belts in the Ellsworth Mountains, the Pensacola Mountains, and the Antarctic Peninsula. Hence, our recognition that the Cumberland Bay and Sandebugten sequences are probably part of a single upper Mesozoic succession is important.
Lithologic as well as age equivalence of the Cumberland Bay sequence and at least part of the Yahgan Formation of the Beagle Channel area of South America has long been suspected. Our field observations strengthen this view ( Table 2) . The Yahgan appears similar to the Cumberland Bay sequence in the field, even to the presence of distinctive white quartz-prehnite layers, which appear to be recrystallized volcanic ash. The lowest Yahgan on the north side of the Beagle Channel overlies Upper Jurassic silicic volcanic rocks ( Table 2 ). The Yahgan differs in that it contains thinner and finer graywacke beds, which are identical petrographically with quartz-rich Sandebugten graywacke (Fig. 6) . The higher part of the Yahgan south of the Beagle Channel, on the other hand, is characterized by andesitic graywacke like that of the Cumberland Bay sequence (Katz and Watters, 1966) ; both contain Lower Cretaceous fossils. The structural style and metamorphism of the Yahgan on northern Navarino Island are virtually identical to those of the Cumberland Bay rocks on northeastern South Georgia, and in both areas the folding and metamorphism diminish southward. Conspicuous andesitic breccia and some flow rocks also occur in the higher parts of both sequences. Finally, we found that the dominant current transport of the andesitic Yahgan clastic material south of the Beagle Channel clearly was from south to north (Fig. 8) . Thus the reconstruction of the northern limb of the Scotia Arc (Dalziel and Elliot, 1971, 1973) with the South Georgia microcontinent situated immediately east of the Beagle Channel and attached to the southern margin of the Burdwood Bank (Fig. 8) is supported. The trend of foldhinge lines in the Yahgan Formation and the South Georgia sedimentary rocks suggests that essentially no rotation of the microcontinent has occurred relative to the Burdwood Bank.
Paleocurrent data show sediment dispersal from the southeast in the Cumberland Bay sequence and dominantly from the north in the Sandebugten sequence (Fig. 7) . Most Sandebugten graywacke is relatively rich in quartz yet contains significant feldspar and abundant felsic volcanic fragments. The siliceous composition -coupled with dominant current transport from the north -cannot be readily explained in the island's present position because no source for this distinctive sandstone occurs near the present South Georgia Island. Our proposed restoration, however, is supported by the presence of widespread Upper Jurassic rhyolite-quartz latite rocks in southern Tierra del Fuego and on Staten Island (Fig. 8) (Fig. 8) indicates compositional identity with Sandebugten graywacke (Fig.  6) . Although age equivalence is not proved, the available evidence suggests that the Sandebugten is latest Jurassic or earliest Cretaceous in age, or both (see Table 2 ).
Both the Cumberland Bay and most of the Yahgan graywackes are rich in andesitic detritus. In the Yahgan this detritus increases in abundance southward in rocks at higher stratigraphic levels now exposed near the Patagonian batholith. This late Mesozoic batholith was emplaced in sialic rocks forming part of the South American continent. The Yahgan is seen to rest upon Paleozoic metamorphic basement and Upper Jurassic silicic volcanic rocks along the Beagle Channel, but elsewhere the Yahgan overlies an ophiolitic complex sandwiched between the batholith and the main part of the continent (Dalziel and others, 1973, 1974) . Hence, apparently these sediments, together with the Cumberland Bay and Sandebugten sequences of South Georgia, were deposited during the Late Jurassic(P) and Early Cretaceous in a geotectonic environment similar to (but probably much smaller than) the present Japan Sea; namely, between an island arc system overlying the batholith to the south (Dalziel and others, 1973, 1974) and the continent itself to the north (Fig. 9) . The intense deformation visible in all three units apparently took place when the initial uplift of the Andean Cordillera occurred as the island arc moved toward the continent in middle Cretaceous time . The South Georgia microcontinental block was torn from the continent and carried eastward at some later time.
